Abstract: An efficient one-pot process was developed to synthesize 4H-chromene derivatives using a three-component reaction involving salicylaldehydes, cyclic 1,3-diketones, and thiols in an aqueous medium at room temperature. This protocol was accomplished using the inexpensive and readily available catalyst NH 4 Cl. The attractive features of this protocol are: use of inexpensive catalyst NH 4 Cl, good yields, and mild and environmentally benign reaction conditions.
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Water is truly the nature's reaction medium playing a crucial role in various life-sustaining processes. Needless to say, water is found in high abundance, hence cost-effective, and is a green solvent in organic transformations 2 owing to its nonflammable and nontoxic nature. Further, it exhibits unique properties like high dielectric constant, and its cohesive energy density puts an extraordinary effect on reaction rates with unique selectivity and reactivity. 3 Designing MCRs using water as the reaction medium to synthesize heterocyclic scaffolds with medicinal traits is one of the trending research amongst synthetic organic chemists in view of green chemistry. 4 The chromene scaffold and its derivatives exhibit useful biological and pharmacological activities such as antibacterial, 5 antitumor, 6 anticancer, 7 anticonvulsant, 8 apoptosis inducers, 9 Chk1-inhibitors, 10 and anti-anaphylactic activities.
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Some of them are found as natural products, for example, the antibacterial rhodomyrtone (I) 12 and the gastric antisecretory agent II 13 as shown in Figure 1 .
Literature search reveals that salicylaldehyde reacts with an active methylene compound such as cyclic 1,3-diketones 14 or malononitrile 15 to form a Knoevenagel product, which can react with a suitable nucleophile such as thiols, indoles, benzotriazoles, and 4-hydroxycoumarins followed by ring-closure reaction leading to the formation of 4H-chromene compounds. The other methods available for the synthesis of 4H-chromene derivatives are cycloaddition of propargylic alcohols, 16a or ketones 16b with phenols, reactions of allenic esters and ketones with salicyl-N-tosylimines, 17 ring-closing metathesis reaction of aryl vinyl ethers, 18 copper-catalyzed intra19a and intermolecular 19b coupling of aryl bromides with 1,3-dicarbonyl compounds, tetrahydrothiophene-catalyzed ylide annulation reaction, 20 organocatalytic sequential one-pot reaction of 1,3-diones with salicylaldehydes, 21 and tandem benzylation and cyclization of 1,3-dicarbonyl compounds using benzylic alcohols.
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A survey of the literature shows that the majority of the strategies for the synthesis of 4H-chromene derivatives involve either expensive catalysts, 16a,b,18,21 or multistep sequences, 18, 20 prolonged reaction time, 19b and harsh reaction conditions. 18, 19, 22 Consequently, there is a need to develop a synthetic method using inexpensive and environmentally benign catalyst. Ammonium chloride is readily available and is an inexpensive catalyst. In aqueous medium, it is a good proton source, which can activate the carbonyl group through hydrogen bonding. 23 Moreover, it can react with carbonyl groups in the presence of amines to form imines, which can act as dienophiles in Diels-Alder reactions. 24 Thus, NH 4 Cl was considered to be a promising catalyst in view of its remarkable ability to catalyze a manifold of organic transformations by way of multicomponent reactions for the synthesis of pyrrolo[3,4-b]pyridin-5-ones, 
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In continuation of our investigations on the synthesis of novel heterocyclic compounds under aqueous conditions, 26 we conceived to investigate the synthesis of 4H-chromene compounds using more environmentally benign reaction conditions. We report herein a new, convenient, and highly efficient greener protocol for the synthesis of 4H-chromenes 4 via three-component condensation of salicylaldehydes 1, cyclic 1,3-dicarbonyl compounds 2, and aromatic or aliphatic thiols 3 catalyzed by ammonium chloride in water at room temperature as shown in Scheme 1. In our initial efforts to synthesize 4H-chromene derivative 4b, a reaction was carried out with an equimolar mixture of salicylaldehyde (1a), dimedone (2a), and 4-chlorothiophenol (3a) in water in the absence of catalyst at room temperature. The reaction did not proceed to completion even after 12 hours and resulted in the isolation of product 4H-chromene derivative 4b and 1-oxohexahydroxanthene derivative 5 27 in 22% and 48% yield ( Table 1 , entry 1), respectively, which was confirmed from IR and 1 H NMR 
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R 3 = aryl, alkyl, benzyl R 2 = Me (2a), H (2b), n = 1 R 2 = H (2c), n = 0 n spectra. The same reaction was also carried out in the presence of 10 mol% of NH 4 Cl in water, which afforded the product 4b along with the formation of a trace amount of compound 5 in 67% and 7% yield ( Table 1 , entry 2), respectively. To reduce the formation of the by-products as well to increase the yield of the desired 4H-chromene 4b, a similar reaction was executed using 20 and 30 mol% of NH 4 Cl to afford compound 4b in 78% and 74% yield, respectively. It was noted that the yield of the product 4b had increased from 67 to 78% by increasing the amount of catalyst from 10% to 20% with the formation of only a trace amount of product 5, which also shortened the reaction time significantly (Table1, entry 3). However, increasing the amount of catalyst from 20% to 30% did not improve the yield of the product ( water. With the optimized conditions in hand, we next embarked on an investigation of the substrate scope of the present multicomponent reaction for the synthesis of 4H-chromene derivatives 4 with different salicylaldehydes 1, cyclic 1,3-diketones 2, and thiols 3. Performing the reaction with a mixture of salicylaldehyde, dimedone, and thiophenol under identical conditions, the desired product 4a was obtained in 79% yield (Table 2 , entry 1). To explore the synthetic scope and the generality of the present protocol, various reactions were performed with a wide variety of aromatic thiols containing different substituents in the aromatic ring such as Br, Me, and OMe with salicylaldehyde and dimedone. The reaction time and percentage yield of the products 4c-f are shown in Table 2 (entries 3-6). Likewise, aliphatic thiols such as ethane thiol and propane thiol were tested under identical reaction condition to provide the desired 4H-chromene products 4g,h in good yields (entries 7 and 8, Table 2 ).
For verifying the generality of the present method, other substituted salicylaldehyde derivatives bearing Br, MeO, and OEt substituent in the ring were also examined with dimedone and different aliphatic or aromatic thiols under identical reaction conditions to provide the desired 4H-chromene products 4i-n in moderate to good yields (Table 2, entries 9-14). Furthermore, the reactions with other cyclic 1,3-diketones such as cyclohexa-1,3-dione and cyclopenta-1,3-dione with salicylaldehydes and thiophenol were also performed to give the desired products 4i,j and 4o,p (entries 9, 10 and 15, 16). It was observed that the similar transformation failed in the case of acyclic 1,3-diketone such as acetylacetone and also for malononitrile.
The present protocol was further examined by carrying out two consecutive reactions with salicylaldehyde (1a), dimedone (2a), and with a nucleophile such as indole (7a) and β-naphthol (7b), and the desired products 8a and 8b were isolated in 81% and 58% yield, respectively, as shown in Table 3 .
All the synthesized compounds were characterized by IR, NMR, and elemental analysis. The products 4a-p exhibited a diagnostic signal in the range of δ = 4.96-5.38 assignable to H-9 at the point of attachment of 4H-chromene to the thiol moiety depending on the nature of the substituent in salicylaldehydes and thiols. Finally, the structure of one of the representative compounds such as 9-[(4-chlorophenyl)thio]-7-methoxy-3,3-dimethyl-2,3,4,9-tetrahydro-1H-xanthen-1-one (4k) was confirmed unambiguously by single crystal X-ray diffraction analysis ( Figure  2 ) (see Supporting Information).
Figure 2 X-ray crystal structure of 4H-chromene 4k 28 The formation of the product may be explained as follows: The first step is believed to be the condensation reaction between salicylaldehyde 1 with cyclic 1,3-diketone 2 to give a Knoevenagel product C, which can act as a suitable Michael acceptor. The role of ammonium chloride is a source of proton, which activates carbonyl group through hydrogen bonding. Then a nucleophile such as thiol reacts at the exocyclic benzylidene double bond of the Knoevenagel product C to form the intermediate D, which further undergoes intramolecular ring-closure reaction followed by dehydration to give the desired 4H-chromene compounds 4 as shown in Scheme 2.
In conclusion, we have demonstrated an efficient and ecofriendly protocol for the synthesis of 4H-chromene derivatives by employing the environmentally benign catalyst NH 4 Cl via one-pot three-component condensation reaction from wide variety of salicylaldehydes, cyclic 1,3-diketones, and aromatic or aliphatic thiols employing water as the reaction medium. This new method is endowed with advantages such as green reaction medium, environmentally benign reaction conditions with good yields, superior atom economy, the easy accessibility of the catalyst, and its cost effectiveness.
Melting points were determined on a Büchi melting point apparatus and are uncorrected. IR spectra were recorded on PerkinElmer 281 IR spectrophotometer. 1 H and 13 C NMR spectra were recorded on Varian 400 spectrometer with TMS as internal reference; chemical shifts (δ scale) are reported in parts per million (ppm).
1 H NMR spectra are reported in the order: multiplicity, coupling constant (J value) in hertz (Hz) and number of protons. Standard abbreviations were used to denote signal multiplicities. Mass spectrometry data was collected on Agilent Technologies 6520 Accurate-Mass Q-TOF LC/MS spectrometer. Elemental analyses were carried out using PerkinElmer 2400 Series II CHNS/O analyzer at the Department of Chemistry, Indian Institute of Technology, Guwahati. The X-ray crystal structure was determined with a Siemens P-4 diffractometer.
4H-Chromene Derivatives 4a-p; General Procedure
A mixture of salicylaldehyde 1 (1 mmol), cyclic 1,3-diketone 2 (1 mmol), aliphatic or aromatic thiol 3 (1 mmol), and NH 4 Cl (0.2 mmol) in H 2 O (5 mL) was stirred at r.t. for 3-6 h in a 25 mL roundbottomed flask. The progress of the reaction was monitored by TLC (eluent: EtOAc-hexane, 1:9). After the completion of the reaction, the crude reaction mixture was extracted with EtOAc (2 × 10 mL), the combined organic layers were washed with H 2 O (10 mL), and dried (Na 2 SO 4 ). The solvent was removed in vacuo and the residue was chromatographed on silica gel (60-120 mesh, eluent: EtOAchexane, 1:9) to afford the pure products in 55-79% yields (Table 1) .
Compounds 4a and 4b have been previously reported. 15b The data for the by-products 5 and 6 obtained in the screening reactions are also described below. Hydroxy-4,4-dimethyl-6-oxocyclohex-1-enyl)-3,3-dimethyl-2,3,4,9-tetrahydro-1H-xanthen-1 02 (s, 1 H), 2.59-2.46 (m, 2 H), 2.40-2.19 (m, 4 H), 1.48-1.41 (m,  2 H), 1.17 (s, 3 H), 1.13 (s, 3 H )-7-bromo-2,3,4,9-tetrahydro-1H-xanthen-1 -3,3-dimethyl-9-(propylthio)-2,3,4,9-tetrahydro-1H Methoxy-3,3-dimethyl-9-(phenylthio)-2,3,4,9-tetrahydro-1H-xanthen-1-one (4m Indol-3-yl)-3,3-dimethyl-2,3,4,9-tetrahydro-1H- Hydroxynaphthalen-1-yl)-3,3-dimethyl-2,3,4,9- 
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